Cerebral hypoxia-ischemia results in unique patterns of injury during development owing to selective vulnerability of specific cell populations including subplate neurons. To evaluate the contribution of glutamate excitotoxicity, we studied enriched cultures of subplate neurons in comparison with cortical neurons, deriving expression profiles for glutamate receptor subunits by microarray and immunoblot. The excitotoxic potency of specific glutamate receptors was tested with selective agonists and antagonists. After 1 week in culture, subplate neurons are more sensitive to oxygen-glucose deprivation than cortical neurons, confirming in vivo observations. Subplate and cortical neurons are equally sensitive to glutamate and insensitive to NMDA. Subplate neurons are more sensitive than cortical neurons to AMPA and express twofold less GluR2. Subplate neurons express significantly more mGluR3, a receptor proposed to be protective. Despite this increased expression, group II mGluR agonists increase subplate neuron death and antagonists lessen glutamate excitotoxicity, suggesting a novel mechanism for subplate vulnerability.
Introduction
Excessive glutamate receptor activation leading to excitotoxicity is a paradigm for neural cell death resulting from energy failure in a variety of pathologic conditions including stroke and birth asphyxia (Choi and Rothman, 1990; Johnston, 2001; Rothman and Olney, 1986) . Classic studies using animal models of adult stroke or mature neuronal cultures elucidated the central role of calcium entry through the N-methyl-D-aspartate (NMDA) subtype of ionotropic glutamate receptor initiating signaling cascades that result in cell death (Rothman and Olney, 1995) . Despite clear and convincing evidence for this mechanism in experimental models, clinical neuroprotective trials with NMDA receptor antagonists have uniformly failed (Hoyte et al., 2004) . Factors identified as contributing to these failures are myriad and include issues of trial design and translation of preclinical data (Gladstone et al., 2002) . Synthesis of these data has indicated that a uniform model of NMDA overactivation is overly simplistic (Besancon et al., 2008) . Recent studies have determined that excitotoxic susceptibility is cell-type-specific (Jiang et al., 2004; Ullian et al., 2004) and related to many factors including the exact expression profile of glutamate receptor subunits (Deng et al., 2006; Liu et al., 2007; von Engelhardt et al., 2007) and key postsynaptic signaling proteins (Forder and Tymianski, 2009) .
Formulating effective treatments for the developing brain brings added complexity in that during the development of neural circuits, neurotransmission differs in many ways from the mature state. Axonal and dendritic arbors are sparse (Antonini and Stryker, 1993) . Glutamatergic synapses contain a high proportion of 'silent' AMPA receptors and entrain unique plasticity mechanisms (Feldman et al., 1999) . The typically inhibitory neurotransmitter GABA has a depolarizing effect (Ben-Ari, 2002) . Neurotransmission during development affects distinct cellular processes including proliferation, migration, and maturation (Komuro and Rakic, 1998; Represa and Ben-Ari, 2005) . In the immature brain, regions of vulnerability change (Ferriero, 2004) , along with glutamate receptor subunit expression (Monyer et al., 1994; Talos et al., 2006a; Talos et al., 2006b ). Therefore, a comprehensive, cell-typespecific investigation of the expression and function of glutamate receptor subunits is an essential starting point for understanding mechanisms of developmental selective vulnerability.
Subplate neurons in particular are an ideal population to study developmental selective vulnerability. They are the only neocortical lamina-specific neuronal population that can be isolated into enriched, homogenous cultures (DeFreitas et al., 2001) . Subplate neurons are a transient cell type, essential for many aspects of thalamocortical development (reviewed in Allendoerfer and Shatz, 1994; McQuillen and Ferriero, 2005) . Subplate neurons are among the first cortical neurons to mature and express glutamate receptors (Catalano et al., 1997) , and they receive the earliest functional synaptic connections (Friauf et al., 1990; Hanganu et al., 2002) . Subplate neurons can be eliminated by injections of the glutamate agonist kainic acid (Chun and Shatz, 1988) and are among cells selectively vulnerable to very early hypoxia-ischemia (McQuillen et al., 2003) . To investigate excitotoxic mechanisms of subplate neuron selective vulnerability, we studied immunoenriched cultures of subplate neurons in comparison with other cortical plate neurons Neurobiology of Disease 37 (2010) 195-207 
